Optical mixing experiments show the ability of amplifying a weak optical signal by superposing it with a stronger one. This principle has been demonstrated also for weak signals at the quantum level, down to a single photon. In the present communication it is suggested that the sensitivity of optical mixing between a strong macroscopic source and a single photon can be further enhanced as to allow the sensing the wavefront of the photon's mode simultaneously at two or more locations. Key conditions for that detection is reducing the active size of the detectors below the typical size of the transverse modes, and performing an optical intensity correlation measurement of the Hanbury Brown and Twiss type. Due to the inherent amplification effect of the mixing process, a macroscopic signal is extracted, out of which the photon wave-front characterization at more than one location is achievable with good fidelity even for a single photon emission event.
single photon detection event, and in order to characterize spatially the photon's field distribution at an extended area, the statistical monitoring of multiple events was required [2] [3] [4] . An exception to this rule seems to be the proposition by Zagoskin et Al. [ 5] , who suggested the entangling interaction of an incoming photon with a quantum metamaterial sensor array. In the present communication an alternative method for single photon transverse wave-front profiling is suggested based on a Hanbury Brown and Twiss (HBT)-type interferometer in which a single photon field is mixed with a strong macroscopic optical field. It is theoretically demonstrated that in such an arrangement, a macroscopic correlation signal can be generated in which the wavefront is manifested at two or more different points. The correlation signal depends on the local amplitude value of the field at the detectors' position, implying that an entire transverse mode can be quantitatively delineated in a single photon event.
The basic proposed scheme is depicted in Fig.1 . This arrangement shares common features with many optical mixing setups reported, and it is immediately associated with a photonic correlation setup involving a single or multiple photon sources [ 6] . A prominent previously reported arrangement, closest to the one presented here was demonstrated by Rarity et Al. [ 7] , in which photons from different sources were combined to show a non-classical anti-correlation Ou-Hong-Mandel (HOM) dip. The fact that quantum interference effects are present for photon from independent sources was predicted back in 1983 by Mandel [ 8] , and further-on demonstrated in many following reports [ 6, 9] . Choosing [7] as a reference setup, in which a single-photon field was mixed with an highly attenuated Coherent State (CS) (|α| 2 < 5), the setup proposed here differs from it in several aspects: First the attenuated CS port is replaced by a general optical state eventually highly populated, that will be called as customary Local Oscillator (LO).
The second modification is that the transverse spatial mode excited by the single photon is converted from a basic Gaussian into a higher one (e.g. TEM 1,0, ) this is proposed in order to emphasize the local character of the detection, since as stated, the main goal here is to actually show that a single correlation measurement involves local information on the photon's spatial mode. The third difference is that in the scheme proposed here the detectors' area is small as compared to the mode cross-section of the beams involved, i.e.
the detectors are set to be intentionally and inherently inefficient. The fact that the addition of a single photon to a highly populated CS can drastically modify its properties has been reported many years ago [ 10] and is also exploited here. In the following, the main detectability effect is theoretically demonstrated by a simple quantum model showing explicitly that the intensity correlation signal carries information on the local electric field of the two interacting modes, meaning that if the reference mode is known, the photon field at the apertures can be determined. The result is then generalized, by replacing one detector by an array, and performing the correlation measurements simultaneously rendering eventually the entire transverse profile of the photon's mode. Finally the formalism is adapted to calculate the correlation signal for the case the detectors are wide but the optical beams are axially misaligned. These outcomes are connected with previous results in the literature.
For the description of the scheme a standard quantum approach is adopted [4, 11, 12] :
Starting by defining field operators for the positive frequency part of the two electric fields: 
Here the BS is represented as a general S-matrix. The fourth-order field correlation rate is next calculated for partial detectors of area dS located in the detectors' planes at positions (x 1 ,y 1 ) and (x 2 ,y 2 ) respectively:
Where η η η η is a common efficiency factor, defined for the case the detecting elements are fully open and uniformly illuminated, and dS is the active area of each detector. This last expression represents the photocurrent cross-correlation for square-law photodetectors and in a photon-counting scenario it is proportional to the photon coincidence count rate.
Considering the base function for the expectation-value calculation 1
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replacing (1) and (2) into (4), (2) w is straightforwardly evaluated furnishing: For ease of examination, the simplest case of a fully symmetric BS will be replaced namely: 11 22 1 / 2, n . The point of distinguishing between the two terms is a key issue and it is addressed at the end of the article.
For further analysis of the effect of observing a single photon's wavefront in multiple points, we isolate the second (heterodyne) term of eq. (6) and annotate it in a slightly different form: 
We note here first that this term has no explicit time dependence as expected after As an additional implementation of the formalism developed, the correlation signal for widely opened detectors, as encountered in most experimental situations is calculated by integrating Eq. 6 is over the transverse coordinates. This will allow comparison with established reports on few-photon correlation measurements [ 7, 12, 11] . Moreover, the integration allows the introduction of mutual misalignment [ 13] between the modal profiles of the photon and local oscillator. In Fig. 4 the effect of misalignment is simulated: the integrated correlation signal is calculated for a shifting profile of the photon's mode while the LO mode is kept fixed at a centered position of the detector window. The width of the detector is 2d and the mode center displacement relative to the detector's center is designated by x d (ph). In Fig 4(a) , the HOM configuration is reproduced, namely a single photon state is simulated also for LO port. A zero-dip is attained for the ideal case and the graph resembles reported cases [ 8, 12, 21] , there however the variable was the delay time between the photon pair and not the mutual displacement between the modes. The effect non-perfect overlap (misalignment), has been reported to be responsible for the non-complete cancelation of the correlation at the center of the dip [ 11 , 12, 13] . In Fig. 4(a) The fringe intensity visibility has been defined in both the time and space dimensions as the fractional reduction in correlation value at full overlap compared to its value at a nonoverlapping situation [ 7, 9 ] . Here the calculation for the case of mixing between a single photon and a coherent state is supplied, mainly with the purpose of validating the model applied in the article and associate the output of partial-aperture detectors with reported calculations for partial time overlap. Visibility for partial time overlap, as a function of the intensity was shown in Fig. 2 of ref. [ 7] and was calculated there by photon statistics considerations. Here it is simulated by the integration of Eq. (7) and depicted in Fig. A1 below, this time for lateral mode varying overlap. Worth remarking is that although the visibility is reduced as a function of the LO strength, the absolute depth of the HOM dip increases, as also shown in Fig. 1 . 
